ABSTRACT -The high quality seed is an input with invaluable for obtaining soybean crops with higher yields; for it reflects the results of high investments in research of modern technologies, which will be converted into high productivity levels. Thus, the aim of this study was assessing performance of soybean seeds, sorted by size, and grown in soils with different phosphorus levels. To this, seeds of two soybean cultivars (MSoy 9144RR and MSoy 8527RR) were sorted with aid of circular screens with perforations of 5.5 mm and 7.5 mm in diameter. Sowing was carried out into plastic pots, with 3.0 dm 3 substrate capacity each, containing a Red-Yellow Oxisol, fertilized with increasing phosphorus dosages (50, 100, 200, 300 and 400 mg. Kg -1 ),
Introduction
Among the grain-producing crop species grown in Brazil, soybean (Glycine max (L.) Merr.) is considered one of the crops with the most economical potential for internal and external marketing (Avila et al., 2008) .
On an economically viable soybean production process, the adoption of advanced seeding techniques, or the use of modern cropping systems are not sufficient, once the quality of the seeds to be used in the sowing is considered as the major factor to the establishment of the crop in the field, as well as to the adequate development of the soybean plants on the cropped area. Low quality seeds generally have the vigor and germination reduced; thereby yielding non-uniform crops, and crop fields with low plant population (Scheeren et al., 2010) . According to Rezende et al. (2003) the high productivity of a crop depends on the quality of the seeds used for the sowing, since the performance of these seeds is directly related to the historic of its production, of its processing, and of soil conditions on which such crop will be established.
The use of seeds with low vigor or low physiological potential may indirectly influence crop productivity by affecting the rate of seed germination, the emergence percentage of seedlings, and the final stand of seedlings in the field; or directly through the negative influence on plant vigor. Therefore, the low seed vigor has been associated to reductions on speed of seed germination, to uneven emergence of seedlings, to reduced height of plants, to lower dry matter production, to reduction on leaf area, growth rates, and crop productivity (Marcos-Filho, 2005 ). The quality of seeds has also been routinely attributed to their physical, physiological, sanitary, and genetic qualities (Carvalho and Nakagawa, 2012) . In addition to these attributes, the uniformity of seed size until today generates controversies regarding issues of economics on the grain production process, and on productive performance of soybean.
Thus, the main reason to sort the soybean seeds by size comes from the current technological demand of the sowing process, in which the soybean plant population of new cultivars in the field was reduced to 200,000 to 300,000 plants.ha -1 , aiming at obtaining higher yields due to smaller plant lodging. Therefore, errors on sowing density, which might endanger the crop installation in the field, and consequently all investment losses to them aggregated, are not allowed.
Studies related to corn and soybean seeds have shown that the weight and size of the seeds did not influence the results of tests conducted in the laboratory, and also did not affect the performance of plants in the field (Avila et al., 2008; Fonseca and Sá, 2005; Lima and Carmona, 1999; Perin et al., 2002; Piccinin et al., 2012) . However, Padua et al. (2010) and Santos et al. (2005) , have obtained increase in the soybean yield with plants originating from larger size seeds.
Besides the influence of seed size on yield, the level of soil fertility is of fundamental importance for the seeds are able to express all their potential vigor, which may influence crop productivity. Among the nutrients, phosphorus (P) is of fundamental importance to the soybean crop, as it participates in various metabolic processes, such as the transfer of energy (ATP), photosynthesis, respiration, synthesis of nucleic acids and glucose, synthesis and stability of the cell membranes (phospholipids), activation and deactivation of enzymes (Vance et al., 2003) , besides being very important in the biological nitrogen fixation.
Although, in some of these studies, the seed vigor had been correlated to the seed size, the influence of this factor on the best establishment of the plants in the field, which may be reflected in the yield, it is not a completely understood subject, especially under certain stress conditions, as in case of the nutritional deficiency, on which only little results have been reported in the literature.
In face of the foregoing, the aim of this study was investigating the effect of seed size on yield components of the soybean crop, grown in soils containing different levels of phosphorus availability.
Material and Methods
The experiment was carried out under greenhouse environmental conditions and in the Seed Research Laboratory of Federal University of Viçosa (UFV), headquartered in the municipality of Viçosa, state of Minas Gerais, Southeast Region of Brazil. To this, the seeds of two transgenic soybean cultivars (MSoy 9144RR and MSoy 8527RR), sorted in two different sizes, were used in the experiment. The seed sorting was performed by using circular screens, with perforations sizes of 5.5 mm and 7.5 mm, corresponding to screens of number 14 and 18, respectively.
Before establishing the experiment, the seeds were treated with fungicide, as well as with biological inoculant. These two treatments were applied at the following sequence: firstly, the seeds were treated with the fungicide Derosal Plus ® (carbendazim + thiram) at a dosage of 200 mL.100 kg -1 seed, and then left to stand for about 10 min., for drying and fixation of fungicide. Immediately after, a peat inoculant, containing the nitrogen-fixing bacterium Bradyrhizobium japonicum was applied at a dosage of 3,0 million bacterial cells per seed (Embrapa, 2011; Sediyama, 2009) . After treatments, seeds were sown into plastic pots, with capacity of 3.0 dm 3 of soil each. The soil used in the experiment was a Red-Yellow Oxisol, originating from a still non-cultivated area.
Chemical and physical analyses of soil were also performed before experiment installation. Phosphorus fertilization was applied before sowing, so as to obtain five different levels of this element in the soil (50, 100, 200, 300, and 400 mg.kg-1 soil), by using the triple superphosphate as source of that macroelement. Potassium fertilization was also performed before sowing. However, topdressing fertilization with micronutrients was performed at 15 days after seedling emergence. The dosages of the other nutrients were determined according to soil analysis recommendations.
Into each of the plastic pots were sown four soybean seeds, which were equidistantly distributed from each other, at a depth of 3.0 cm. After emergence, only the two more vigorous seedlings were maintained in each pot. Whenever needed, irrigation was carried out with deionized water in order to maintain the water content in soil at circa 2/3 of the field capacity (Novais et al., 1991) .
Harvest was performed at 15 days after the plants reached the reproductive stage R8, which is characterized by more than 95% mature pods per plant (Sediyama, 2009) . After harvest, the following assessments were carried out:
Yield components: the number of pods per plant, number of seeds per pod, number of seeds per plant, 100 seed mass, and total mass of seeds per plant were assessed; thus obtaining the yield of each treatment. To compute productivity, the seed moisture content was determined by the standard oven method, at 105 ± 3 ºC, for 24 h (Brasil, 2009) , which was then corrected to 14%.
Plant height and number of nodes: was carried out with the aid of a ruler graduated in centimeters, by measuring height of each plant from the base until its apex; and results were expressed in cm. At each of the plant height assessments, the counting of node numbers per plant was also performed.
Height of first pod insertion: this determination was also carried out with the aid of a ruler graduated in centimeters, and performed by measuring the distance from the plant base until the height of first pod insertion; and results were also expressed in centimeters.
The experiment was carried out in a randomized block experimental design with five replications, and with treatments arranged in a factorial design 2 x 2 x 5 [2 soybean cultivars (MSoy 9144RR and MSoy 8527RR) x 2 seed sizes, sorted by screening (screen number 14 (perforation diameter of 5.5 mm), and screen number 18 (perforation diameter of 7.5 mm) x 5 phosphorus dosages in the soil (50, 100, 200, 300 and 400 mg. kg )], what resulted in 20 treatments. Data were subjected to exploratory analyzes to assess the assumptions of normality of residuals, homogeneity of variance of treatments, and additivity of the model, to allow applying the ANOVA. The mean values obtained for seed size were compared by F test (p <0.05), and the mean values obtained for yield components were subjected to regression analysis. All data were computed by using the SAS software (Delwiche and Slaughter, 2003) .
Results and Discussion
The mean values obtained for plant height are presented on Table 1 . For the soybean cv. MSoy 9144RR, statistically significant differences for this parameter were found only at the dose of 50 mg.kg -1 P in the soil, in which the smaller seeds have also produced smaller plants. However, for the other dosages of P in the soil, the differences among values obtained for plant height were not statistically significant. On Figure 1 it is also possible observing a growing increase on height of plants with the increase on dosages of phosphorus in the soil, for both soybean cultivars used in the study. On observing the effect of seed size on productivity and physiological quality of soybean seeds, Pádua et al. (2010) have also found that there was no statistically significant differences among plant height values when the comparison was performed only between plants originating from larger seeds (5.0 mm and 6.0 mm). According to Kolchinski et al. (2006) and Munizzi et al. (2010) , high vigor seeds generally present a faster metabolic processes; thus enabling the faster and uniform emission of the primary root during the germination process, as well as a higher growth rate, thus producing plants with larger size at the initial development stages.
From data presented on Table 2 , it may be verified that the seed size did not influence the first pod insertion for both the cultivars assessed. However, for the cultivar MSoy 9144RR, there was a linear increase of this characteristic with the increasing phosphorus availability in the soil (Figure 2 ). According to Finoto et al. (2011) , the height of the first pod insertion is the most important factor on carrying out the soybean mechanized harvesting. Therefore, for that such cultural practice is economically viable, it is recommended that the cultivar used in the sowing holds the genes for the first pod insertion) between 10 cm and 20 cm in height. Concerning the number of nodes per plant, the linear regression curves presented on Figure 3 show that, when phosphorus levels in the soil were increased, there was also an increase on the number of nodes per plant; which, for both cultivars assessed have ranged from 12 to 17 per plant. To both cultivars assessed, there was no statistically significant difference between the values obtained to this morphological characteristic for the plants originated from seeds of both sizes; except for cultivar MSoy 9144RR, at the dosage of 100 mg.kg -1 phosphorus in the soil, for the seeds sorted by the screen 14, with perforations of 5.5 mm in diameter (Table 3) .
Through the linear regression curves, plotted with the mean values obtained for the number of pods per plant, it is possible to observe a linear increase of this variable, as a function of the phosphorus dosages applied to the soil, for both cultivars assessed (Figure 4) . However, by analyzing the interaction between seed size and phosphorus dosages in the soil, it is verifiable that there was no statistically significant difference between both the cultivars used within experiment; except for the cv. MSoy 9144RR, at the dosage of 200 mg.kg -1 P, for seeds sorted by the screen 18, with perforations of 7.5 mm (Table 4) . On this issue, Lima and Carmona (1999) have also stated that soybean seed size is positively correlated to production factors, such as: plant height and number of pods and seeds per plant; but not with productivity. Regardless the size of seeds used in this study, differences between values obtained for number of seeds per pod were not statistically significant, for both cultivars assessed (Table 5) (2012), by studying the relationship between the size and physiological and health quality of soybean seeds have also found no statistically significant differences between results obtained to this parameter. In a general way, through the linear regression curves, plotted to mean values obtained for the parameter number of seeds per plant, it may be observed that there was a homogenous and gradual increase, to the extent that the soil phosphorus dosages were increased to both cultivars assessed; even though without statistically significant differences among the mean values obtained to this parameter, when plants were originated from larger seeds (7.5 mm diameter) ( Figure 6 ). Nevertheless, when plants were originated from smaller seeds (5.5 mm in diameter) (Table 6) , it is also possible verifying that there was an increase in the number of seeds per plant, with statistically significant differences for cultivar MSoy 8527RR, only at the dosages of 50 and 400 mg.kg -1 phosphorus in the soil, and only at the dosage of 200 mg.kg -1 P, for cultivar MSoy 9144RR. Such results demonstrate that the plants originating from larger seeds have the trend of producing larger number of seeds per plant; what certainly will be reflected on soybean productivity.
On examining the mean values obtained for the mass of 100 seeds, shown on Figure 7 , it can be noticed that, in general, to the extent that the dosage of soil phosphorus was increased, the mass of 100 seeds has also increased, for the two assessed seed sizes (5.5 mm and 7.5 mm). However, for cultivar MSoy 9144RR, the differences among mean values obtained for this variable were statistically lower for the larger seeds (7.5 mm) only at the dosage of 200 mg.kg -1 phosphorus in the soil. Nevertheless, to cultivar MSoy 8527RR, this difference between the mean values obtained for the smaller seeds (5.5 mm) was significantly lower only at the dosage of 100 mg.kg -1 phosphorus in soil (Table 7 ). Thereby, it is possible to infer that the larger seeds respond better to fertilization; besides allowing production of heavier seeds. However, according to Ávila et al. (2008) , the plants originating from small seeds are able to compensate their lesser initial growth at the later stages of the crop cycle; thus ensuring a production of grains similar to that of the plants originating from large seeds.
Nevertheless, Lima and Carmona (1999) in a study conducted with seeds of four different soybean cultivars, also classified by size, have found no statistically significant differences for the mass of grains produced by the plants originating from seeds of different sizes used in their study. In addition, these authors have also emphasized that selection of seeds by size classes is of phenotypic nature, and do not cause differences on productivity within the same soybean genotype solely as function of the different seed sizes used in the sowing.
By the linear regression curves shown on Figure 8 , it can be verified that, to the extent that phosphorus dosages in the soil were increased there was also a positive linear increase in the values obtained for the total mass of seeds per plant for both soybean cultivars assessed. However, by the mean values obtained for the smaller size seeds (5.5 mm), shown on Table 8 , it is also possible to verify that, at the dosage of 100 mg.kg -1 phosphorus in the soil there was a statistically significant reduction to this variable for the soybean cultivar MSoy 9144RR. At the dosages of 50 and 200 mg.kg -1 phosphorus, for the cv. MSoy 8527RR, such reduction was also observed for the seeds sorted by the screen 14, with perforations of 5.5 mm in diameter. This event indicates that larger size soybean seeds possess the genetic trait of also producing larger seeds when the level of phosphorus in the soil is adequate. At the dosage of 50 mg.kg -1 phosphorus in the soil there was an increment of 27.25% and 29.66% on the total mass of seeds per plant for the cultivars MSoy 9144RR and 8527RR MSoy, respectively. *Means followed by the same letter, within each dose of P, do not statistically differ between each other by F test (P < 0.05); CV = Coefficient of variation. Within this same context, Morrison and Xue (2007) , in a study performed with three different seed batches of three distinct soybean cultivars, with seeds classified by size into large, medium and small; and by using a lot of seeds nonclassified by size of each cultivar as control, have also found that the smaller seeds have produced soybean plants with lower yield, in two of the three cultivars assessed.
By assessing the influence of seed sizes (4.0 mm, 5.0 mm and 6.0 mm in diameter) and physiological quality of the seeds, on the initial growth of plants and on productivity of the soybean crop, Pádua et al. (2010) have also found that the smaller size seeds produced plants with lower height and lower productivity, as compared to plants originating from larger size seeds. Furthermore, these authors have also found statistically significant differences among the mean results obtained for the both cultivars and for the three seed sizes assessed, and that the plants originating from seeds with 4.0 mm in diameter have produced a mean of 2,500 kg.ha -1 of grains; while plants originating from seeds with 5.0 mm and 6.0 mm in diameter have produced a mean of 3,000 kg.ha -1 and 3,500 kg.ha -1 of grains, respectively. Thereby, supporting the likelihood of that when the soybean seeding is performed with larger size seeds, the yield achieved will certainly be higher.
Conclusions
The size of soybean seeds do not significantly influence the yield components of the crop; however the larger seeds have the genetic trait for producing bigger and heavier seeds;
The increase on phosphorus levels in the soil induces to an equivalent positive linear increase of the soybean production components, such as: plant height, height the first pod insertion, number of nodes per plant, number of pods per plant, number of seeds per pod, and total number of seeds per plant.
